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Introduction 
Phosphorus has sometimes been called the master key to agri- 
\ 
culture. The conservation of our phosphates will play an important 
part in the future of this nation. The importance of this conserva¬ 
tion is due to the fact that phosphorus is an essential constituent 
of plant and animal life; it is found in relatively small quantities 
in the average soil; it is removed from the farm in the hones of 
animals and in the crops, especially cereal grains; and there is no 
atmospheric supply on which plants may draw. Most phosphate com¬ 
pounds in soils are only slightly soluble. They do not leach from 
the soil readily hut are in a form relatively unavailable for plant 
utilization. 
Only 10 to 20 percent of the phosphorus found in plants is 
taken up by the plant from the applied phosphate fertilizer. Many 
crops are able to utilize only 1 percent or less of this applied 
phosphorus. It is readily understood that any practical method of 
making the applied phosphate, or that present in the soil, more 
available to plant growth will greatly help to conserve our phosphate 
resources. 
Experiments have been reported in the past dealing with the 
relationships of other fertilizer nutrients to soil and fertilizer 
phosphate availability. The results and conclusions of these reports 
have not been determinate enough to give useful evaluation of these 
effects. Since World War II, radioactive phosphorus compounds have 
supplied a valuable tool to the investigators of this problem. In 
the past two or three years, results of experiments bearing on this 
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relationship have been reported that give a much clearer evaluation 
of these effects. This is especially true of the relationship of 
nitrogen to the fertilizer phosphate availability. Nitrogen in 
combination with the applied phosphate materials has been found to 
increase the uptake of this applied phosphate by the plant as much 
as 50 percent (22). 
Some of the proposed explanations for this increased uptake are 
as follows: (1) the hydrogen ion effect of the nitrogen bearing 
compound on the solubility of the phosphatic materials; (2) this 
explanation is in part related to the first in that if the solu¬ 
bility of the phosphatic materials is increased then the diffusion 
of phosphorus would also be increased; (3) the increased root growth 
and stimulation; and (4) the possibility that the root distribution 
due to the effect of the applied nitrogen is such that the roots are 
better able to feed on the applied phosphatic materials. 
Previous work at the Massachusetts Experiment Station has led 
to the suggestion of still another possible explanation; that the 
nitrogen which is applied in combination with the phosphate, stimu¬ 
lates microorganism growth and increases the supply of organic 
compounds which are able to render the phosphate more available. 
The object of this research is to compare the effects of 
nitrogen and oxalate anion on the uptake of phosphorus by plants and 
« 
to determine the effect of nitrogen on phosphorus uptake in the 
presence and absence of microorganisms. 
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Review of Literature 
Many investigators have reported increased phosphorus uptake hy 
plants with combined applications of various nitrogen carriers. The 
study of rates, carriers, placement and soil factors, such as pH and 
their effect on phosphate availability, has received the most 
attention to date. The relation of other fertilizer nutrients to 
soil and fertilizer phosphate availability, such as lime and 
potassium, has also been investigated. 
G-runes (11) suggests that the effect of nitrogen on phosphorus 
uptake by plants should vary considerably depending on whether or not 
a source of phosphate fertilizer is present, nitrogen fertilizer 
source, placement of the nitrogen and phosphorus fertilizers, the 
degree of growth response to the nitrogen fertilizer, soil pH, and 
soil buffering capacity as regards residually acidic or basic nitro¬ 
gen carriers. Experimental data have revealed that the above factors 
are important to varying degrees. 
Domby et al. (?) found that the phosphorus content of oat 
forage was increased by application of phosphorus without nitrogen. 
Nitrogen applied with the phosphorus caused a reduction of the 
phosphorus content but the total phosphorus removed was greater due 
to increased yield. 
Coleman (3), working without the benefit of radioactive phos¬ 
phorus, found no response of cotton and oats to phosphorus alone or 
with low rates of nitrogen plus the phosphorus but he did find a 
good response to phosphorus with high rates of nitrogen. He concluded 
that the nitrogen content of many southern soils is too low to allow 
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the proper utilization of the phosphorus. 
Lorenz and Johnson (15) studied the relation of nitrogen 
fertilization to the availability of phosphorus in certain California 
soils. This work was also conducted without the use of radioactive 
phosphorus. They determined that ammonium sulfate increased the 
availability of the phosphorus more than did either calcium nitrate 
or sodium nitrate. Because the pH of the calcareous soil was lowered 
by 2 to 3 units with the use of ammonium sulfate, they suggested that 
the increased availability was due to the hydrogen ion effect on the 
phosphate material. 
Martin et al. (16) used the growth response of lettuce as an 
indication of availability of phosphorus from superphosphate versus 
ammoniated superphosphate. Ammoniation of superphosphate had 
relatively little effect upon the amount of citrate soluble Pa05 
present, but high ammoniation (3 to 5$) greatly reduced the water- 
soluble phosphate in the material. On four acid soils and two 
calcareous soils, there was no significant growth response to 
ammoniated superphosphate as compared with regular superphosphate. 
More recent work has shown that not only is the phosphate up¬ 
take increased with additions of nitrogen but also that the percent 
phosphorus from the applied fertilizer is increased considerably in 
some instances. Smith et al. (25) found that increasing the amount 
of nitrogen applied from 30 to 60 pounds per acre also increased the 
percent of fertilizer phosphorus in oat forage. Fine (8) reports 
similar results with corn with applications of 5 and 10 pounds of 
nitrogen per acre. The percent of fertilizer phosphorus in oat 
forage was similarly increased as the amount of phosphate applied 
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with the nitrogen was increased. The rates of P205 were 60, 120 and 
180 pounds per acre. 
Grunes (11), working in North Dakota, has stated that his data 
indicate that nitrogen additions generally increase the relative up¬ 
take of fertilizer phosphorus and that this effect persists even as 
the crop and root system increase in size. Generally the total 
phosphorus absorbed concurrently increases with nitrogen additions, 
hut the percent phosphorus in the plants decreases due to a dilution 
of the available phosphorus by increased plant growth. 
In Nebraska, Olson and Dreier (20) conclude that fertilizer 
nitrogen stimulates plant use of fertilizer phosphorus throughout a 
wide range of soil conditions. The ammonium ion exceeds the nitrate 
ion in this capacity, maximum effect of either occurring with intimat 
association of the fertilizer nitrogen and phosphorus. The low rate 
of about 20 pounds of nitrogen per acre is adequate to bring about 
the maximum increased use of fertilizer phosphorus in comparison with 
soil phosphorus. This maximum effect may be as much as a doubling of 
the fertilizer phosphorus use rate with little change in plant use of 
soil phosphorus. They suggest that the stimulated root activity at 
the point of nitrogen-root surface contact is responsible for this 
increase. They observed lateral growth and concentration of roots in 
a zone of joint nitrogen-phosphorus placement. They believe that the 
relationship described is of considerable significance in the ferti¬ 
lization of annual crops where fertilizing the crop at a low rate 
rather than the soil at a high rate is practiced. 
Robertson et al. (22), working with corn in Indiana, found that 
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as little as five pounds of nitrogen per acre as ammonium sulfate 
in the starter fertilizer significantly increased early growth and 
increased the percentage of the fertilizer-derived phosphorus in the 
plant "by 50 percent at the foot high stage of growth. The percentages 
of phosphorus in the plant from the fertilizer at the foot high stage 
of growth were directly related to the amount applied and the 
percentage recovery of the added fertilizer was the reciprocal of 
the amount applied. They further found that the fertilizer phos¬ 
phorus utilization was greater when the nitrogen and phosphorus were 
placed together in one hand than when they were applied in separate 
hands on either side of the seed. As the season progressed, the up¬ 
take of fertilizer phosphorus from the hand-applied fertilizer rapidly 
diminished. Rate of application had only a slight effect on this 
decrease. Total plant nutrient uptake of nitrogen and phosphorus 
was little influenced hy fertilizer application. Starostka et al. 
(27), Stewart and Pearson (28), Mitchell et al. (18), and Fine (8) 
also report that hand applications of the nitrogen-phosphorus ferti¬ 
lizer resulted in an increased fertilizer phosphorus uptake. 
The effect of the source of nitrogen has been investigated. 
Fine (8) reports results with the use of ammonium sulfate, ammonium 
nitrate, sodium nitrate, and urea. His results showed no significant 
difference in carrier, however there was a trend for sodium nitrate 
and urea to he less effective than the other carriers. Volk (32), 
without the benefit of radioactive phosphorus, found that ammonium 
sulfate resulted in a greater uptake of phosphorus from insoluble 
sources of phosphorus such as rock phosphate than did sodium nitrate. 
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Although the results of Yolk (32) and Lorenz and Johnson (15) show 
that ammonium sulfate is "better than either calcium or sodium 
nitrate, this was the effect on total phosphorus uptake and not the 
uptake of fertilizer phosphorus. 
The effect of other fertilizer materials on the uptake of 
fertilizer phosphorus has been investigated. Stewart and Pearson (28) 
report that liming tended to increase the availability of the soil 
phosphorus and to decrease the percentage of phosphorus uptake from 
the fertilizer phosphorus. 
The work of Mitchell et al. (17) conducted in the greenhouse has 
shown that small additions of elemental sulphur could greatly increase 
the availability of the phosphorus in a fertilizer which otherwise 
gave poor availability. They suggest that through the action of 
sulphur-oxidizing bacteria, the addition of elemental sulphur would 
lower the pH in the vicinity of the fertilizer and therefore increase 
the availability of the fertilizer phosphorus. 
Olson et al. (19) found little effect from additions of sulfur 
with a number of phosphorus carriers. Sulfur with ammonium phosphate 
caused a reduction in the early uptake by wheat of the fertilizer 
phosphate. The sulfur amendment was found to cause a slight increase 
in uptake of all fertilizer phosphorus carriers as measured by a 
subsequent crop of sweetclover following the oats. 
Pine (8) reports that increased available potassium in the soil 
attained by the use of potassium fertilizer had little effect on 
fertilizer phosphorus utilization by crops of the North Central Region. 
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Clson et al. (19) fottnd similar results with oats in Nebraska. 
Perkins and Purvis (21) found that applications of Na2 BETA up 
to 1000 pounds per acre had no appreciable effect on available soil 
phosphorus, but that application of 5000 pounds per acre increased 
soil phosphorus availability almost 50 percent. 
Lawton et al. (14) found that the maximum diffusion of fertiliser 
phosphorus was about one inch from granular superphosphate. Heslep 
and Black (12) results are in agreement with those of Lawton. Eeslep 
and Black alse report that the addition of ammonium sulfate with the 
PgOg decreased the diffusion of applied phosphorus and that ammonium 
nitrate had no appreciable effect on this diffusion rate. These 
results were obtained in the absence of any growing plants. ¥hen 
plaits were introduced into the system and the roots separated from 
the phosphate source by a cellophane membrane, they found that there 
was almost twice as much diffusion from monobasic ammonim phosphate 
as superphosphate. These results would indicate that the increased 
diffusion when the phosphate source is associated with ammonium ions 
may play an important role in the increased availability of the 
fertilizer phosphorus with concurrent applications of nitrogen. 
Previous work at the Massachusetts Station has shown an 
increase in uptake of phosphate with increasing concurrent appli¬ 
cations of oxalic acid. This work was conducted without the benefit 
32 
of P and used wheat as the crop in a greenhouse experiment. A 
subsequent greenhouse experiment with corn using superphosphate 
containing radioactive phosphorus indicated a decreased uptake of 
fertilizer phosphate when oxalic acid was applied with the fertilizer. 
Similar decreases were also found when ammonium oxalate or sodium 
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oxalate were combined with the fertilizer phosphate. Ammonium 
sulfate caused an increase in the fertilizer phosphorus uptake "by 
the corn. 
Gerretsen (10) has made a rather extensive study of the 
influence of microorganisms on the phosphate intake hy plants. His 
results are of special interest because, unlike previous investi¬ 
gations, he has compared the uptake of phosphates from both sterile 
and infected cultures. He concluded that microorganisms had definitely 
made available a certain amount of phosphorus, otherwise inaccessible. 
Infecting sterile cultures of oats resulted in an increased phosphate 
intake varying from 16 to 54 percent and an increased dry weight of 
most of the plants. Direct proof of the solvent action of micro¬ 
organisms in the rhizosphere on insoluble phosphates was obtained 
with the aid of glassplates, covered with an agar film in which 
calcium phosphate was precipitated and which were buried aslant in 
the culture vessels. Clear solubilization zones were observed in 
distinct spots. In the sterile cultures these solubilization zones 
were absent. Thus, the number of microorganisms present in the 
rhizosphere should be of importance. 
Starkey (26) has investigated the influence of the stage of 
plant growth upon the abundance of microorganisms in the soil. He 
reports that slight effects are apparent at early stages of growth 
and increase as the plant reaches considerable size. General 
bacterial population as a whole is increased by the growth of higher 
plant8. The greatest population occurs in the rhizosphere. 
Struthers and Sieling (29) and Swenson et al. (30) found that 
certain organic substances that were particularly effective in forming 
-lo¬ 
st able complex molecules with iron end aluminum, would effect 
liberation of fixed phosphates. These organic compounds are the 
same substances that are formed as a result of the microorganic 
oxidation of carbohydrate materials in soils* Wakesman (33) and 
Dalton et al. (6) found that organic matter added to the soil as an 
amendment is effective in increasing the availability of soil phos¬ 
phate. They conclude that the activity of the organic matter in 
making soil phosphate available is attributed to the ability of 
certain metabolic products of microbiological decomposition to 
form stable complex molecules with the iron and aluminum that are 
responsible for phosphate fixation in soils. These results tend to 
indicate that it may be the effect of nitrogen on the microbiological 
population in the soil that results in an increased uptake of ferti¬ 
lizer phosphate when the applications of the nitrogen and phosphate 
are combined. 
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Soil Sterilization 
Dalton and Hurwitz (5) tested the effects of hydrogen cyanide, 
formaldehyde, chloropicrin, and ethylene oxide. Ethylene oxide was 
found to he superior to the other disinfectants tested, both in its 
lethal qualities and in the relatively smaller changes induced in the 
soil as measured by increases in ammonium acetate-soluble copper and 
manganese. One hundred and fifty grams of soil were sterile after 11 
hours' exposure to ethylene oxide at a pressure of approximately 4 A. 
Van Bavel (31) studied the effect of ethylene oxide sterilization 
on the soil aggregate stability. He was able to sterilize 60 grams of 
soil and found that it was still sterile after a 2-week period but he 
reports that the aggregation was increased and in some cases as much 
as that caused by heat sterilization in an autoclave. 
Clark (2) investigated the changes induced in soil by ethylene 
oxide sterilization. He reports that the total carbon content was 
greatly increased and that the soil pH was raised as much as one unit. 
Ethylene oxide sterilization was also observed to increase the readily 
available phosphorus in the soil. This increase varied directly as 
the water content increased. A 50 percent increase was observed when 
the soil moisture was 24 percent during treatment. Allison (1) found 
that ethylene-oxide sterilization does not alter the permeability of 
soil but does appreciably increase the soil pH. He reports that the 
electrical conductivity of the solution extracted from a saturated 
soil did not differ from the control and concluded that ethylene oxide 
did not increase the soluble salts. The results of Allison differ from 
those of Clark in that Allison reports that the soil is unaltered 
physically and chemically by ethylene oxide sterilization. 
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General Isotope Procedure 
Most agronomic investigations with radioactive phosphorus have 
utilized the radioactive superphosphate supplied by the Agricultural 
Research Service, U.S.D.A. As this material is available only from 
April to September, another suitable material is desirable. Sheard 
and Caldwell (23) determined that the P32 could be absorbed on an 
anion exchange resin and applied to the soil in this form. They 
report no significant difference in "A" values when the source of 
P32 was Resin-H3P3204 as compared with Ca (H2P32(^)3. They used 
IR-45 resin. The resin has another advantage over the superphosphate 
material in that the specific activity may be increased or decreased 
as desired. 
Amberlite IR-4[B was selected as the anion exchange resin for the 
investigations to be reported in this paper. The preparation of the 
resin for use in experiment I included the process of regeneration of 
the resin, suggested by Rohm and Haas, prior to the absorption of the 
P32 on the resin. Subsequent investigations indicated that this 
process of regeneration was not necessary and it was eliminated in 
the resin preparations in the remaining experiments conducted. 
The procedure for the absorption of the P32 and P31 on the resin 
was similar to that of Sheard and Caldwell (23). Two hundred grams 
of air dry resin were added to a solution containing 1000 ml. distilled 
water, 17.2 ml, of 85$ HsP04 and 3.2 me (0.55 ml.) of P32 solution. 
This P32 solution was in the form of HaPO* in weak hydrochloric acid. 
The resin suspension was stirred continuously for 12 hours with an 
electric stirrer. The resin was filtered with suction, washed with 
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five-200 ml. portions of distilled water, and was then air dried. 
Samples were taken from the solution "before the resin was added and 
also from the solution after the resin had been washed. These samples 
were analyzed for their total phosphorus content. The difference 
between these two values was assumed to be the amount of phosphorus 
absorbed by the resin. The assay of P32 of these two samples is not 
necessary at this time but is made at the time of plant analysis. 
This eliminates the necessity of half life correction for the isotope. 
The P32 assay was made by the solution-counting technique similar to 
that suggested by Comar and Feller (4). Figure 1, stows the 
apparatus employed. One gram of oven-dried plant material was wet 
ashed with nitric and perchloric acid and made to 50 ml. A 20 ml. 
sample of this solution was taken for solution counting. The solu¬ 
tions were counted with a 30 mg/cm^ Geiger dip-counting tube (TGC5) 
and a Sc-51 Auto scaler made by Tracer lab. The determinations of 
specific activity of solutions relative to resin preparation and un¬ 
known solutions were conducted with dilutions counting less than 3000 
* 
counts per minute. At counting rates lower than 10,000 cpm , the 
coincidence correction can usually be neglected. The counting 
statistics are such that 10,000 counts results in less than 1 percent 
error, therefore each sample is counted for 10,000 counts. The 
solutions were analyzed for their total phosphorus content by the 
colorimetric method of Sherman (24). 
Isotope Calculations 
Two samples of the tagged phosphoric acid solution were taken, 
one before and one after adding the resin. These samples were 
counts per minute 
Apparatus for solution counting 
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analyzed for P31 to determine the phosphate absorbed by the resin. 
Then the samples were analyzed for P32 by solution counting technique. 
The ratio of P32 in cpm to mg of P31 was calculated. This ratio is 
the specific activity. The plant material was wet ashed and the 
solution was assayed for P32. The measured cpm of P32 was multiplied 
by the specific activity to determine the mg of P in the plant sample 
derived from the tagged phosphate application. 
Pried and Dean (9) have proposed that the amount of soil phosphate 
available during the growth of a plant can be calculated in the follow¬ 
ing manner: 
% plant PgOg derived from soil 
$ plant PgOg derived from fertilizer 
x lbs. P2O5 applied = "A" value 
The HAM value is defined as pounds per acre of available soil P2O5 
in terms of the fertilizer used. 
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Experiment I. The effect of nitrogen, oxalate anion, and EDTA on the 
uptake of fertilizer phosphorus with corn and millet. 
Materials and Methods 
This greenhouse experiment was undertaken to measure the effect 
of ammonium ion, oxalate anion, and EDTA on the uptake of fertilizer 
phosphorus. The materials were tested in combination with phosphorus, 
separated from phosphorus in the same pot, and with no phosphorus added. 
The experiment was set up as a randomized block design with three 
replicates. Two gallon glazed-porcelain crocks containing 8 pounds of 
a dry Merrimac sandy loam (pH 6.4) were used. Potassium chloride 
(100 lbs KgO/acre) and sodium nitrate (66 lbs N/acre) were thoroughly 
mixed with the soil. A piece of glass plate secured in split tubing 
was used to divide the pot in two sections. The treatment materials 
were placed in bands at a 2 inch depth and covered with a 16 mesh 
plastic screen that was notched to identify the treatment areas at the 
time of examining the roots (see figure 2). An additional 75 pounds 
of N as (NRJ2SO4 were added to the pots containing the oxalic acid 
and the EDTA treatments to give equal amounts of N per pot. Three 
corn kernels (Pa 54 x KT 3-156) per pot were planted on June 12, 1955, 
later thinned to two plants, and the above ground portion was harvested 
on July 17, 1955. One hundred Hungarian millet seeds per pot were 
planted on June 13, 1955. One replication of millet was harvested on 
July 2, 1955 and again on July 30, 1955 and the remaining two repli¬ 
cations were harvested on July 13, 1955. Fifty pounds of N as NH4ITO3 
was added to each pot two weeks prior to harvest to correct symptoms 
of N deficiency. The plant samples were oven-dried, ground, and 
P Combined 
Placement of troatnent naterial* and P in pot. 
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analyzed for P31 and P32 using the methods previously described. 
Results 
The results of this experiment are presented in tables 1 and 
2 and Figures 3, 4, 5, for the corn and millet respectively. The 
response on both corn and millet was similar. The effect of the 
ammonium ion, when combined with the fertilizer phosphate, was to 
increase the uptake of the fertilizer phosphate. This effect was 
significant with millet and there was a similar trend with corn. In 
the case of millet, EDTA combined with the fertilizer phosphate 
significantly increased the uptake of fertilizer phosphate, however 
with corn, the placement of EDTA had no effect on the uptake of 
fertilizer phosphate. Oxalic acid combined with the fertilizer 
phosphate had little or no effect on the uptake of fertilizer phosphate 
with either corn or millet. In the case of millet there was no 
significant difference between the amounts of fertilizer phosphate 
taken up by the plant when the materials, ammonium sulfate, ammonium 
oxalate or EDTA were combined with the fertilizer phosphate. 
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Table 1 
Yield and Phosphorus content of corn. Ave. of 3 
Treatment 
Dry wt. 
per pot 
gms. 
Total P 
in plant 
mg. 
P in plant 
from fert. 
mg. $ 
(NHjaSO.S 
No Phos. 4.90 10.11 
separated 
from Phos. 
8.26 11.24 4.25 38.23 
combined 
with Phos. 
8.89 10.48 5.40 51.31 
(NHjsCsO*- 
No Phos. 4.47 9.03 
separated 
from Phos* 
7.43 10.93 4.35 39.53 
combined 
with Phos. 
8.98 10.82 5.18 47.67 
h2c2o4“ 
No Phos. 4.51 8.95 
separated 
from Phos. 
9.09 11.50 4.94 42.98 
combined 
with Phos. 
8.82 11.26 4.54 40.13 
Na2EDTA- 
No Phos. 3.95 7.75 
separated 
from Phos. 
7.61 10.08 3.98 39.55 
combined 
with Phos. 
7.03 8.68 3.66 42.38 
L.S.D. (0.05) 1.87 ns ns 8.38 
a 
"~75 lbs. N per acre 
b 
75 lhs. N per acre 
c 
Oxalate anion equivalent to (NH4)2C;304 
d 
Molar equivalent of oxalic acid 
replications. 
"A" 
value 
lhs. P205/acre 
165 
94 
151 
109 
133 
148 
153 
137 
44.36 
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Table 2 
Yield and Phosphorus content of millet. Ave. of 3 replications. 
Treatment 
Dry wt. 
per pot 
gms. 
Total P 
in plant 
mg. 
P in plant 
from fert. 
mg. $ 
"A" 
value 
lbs. PjgOs/acre 
a 
(NH4)3S04 
No Pbos. 8.21 11.83 
separated 
from Phos. 
11.65 13.68 4.80 35.09 185 
combined 
with Phos. 
11,61 15.19 7.03 46.28 116 
b 
(HN4)sC204 
No Phos. 7.62 11.03 
separated 
from Phos. 
9.29 11.71 3.96 33.81 196 
combined 
with Phos. 
11.08 14.33 6.21 43.33 131 
£ 
H2C2O4 
No Phos. 6.43 9.80 
separated 
from Phos. 
9.72 12.35 4.82 39.02 156 
combined 
with Phos. 
10.18 13.18 4.48 33.99 194 
d 
Na2EDTA“ 
No Phos. 7.04 10.61 
separated 
from Phos. 
10.38 12.88 4.76 36.95 171 
combined 
with Phos. 
11.40 15.58 6.76 43.38 131 
L.S.D. (0.05) ns 2.84 1.94 ns ns 
a 
75 lbs. N per acre 
b 
75 lbs. N per acre 
c 
Oxalate anion equivalent to (NH4)2C;304 
d 
Molar equivalent of oxalic acid 
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i 
Fig. 3 
Millet at time of 1st harvest 
No Phosphorus 
No. 1 - Ammonium sulfate 
No. 2 - Ammonium oxalate 
No. 3 - Oxalic acid 
No. 4 - Na3EOTA 
-22— 
Hg. 4 
Millet at tiae of 1st harrest 
Treatment Materials separated from Phosphorus 
So. 1 - Anaonitau sxilfate 
So. 2 - Asxoni'u* oxalate 
So. 3 - Oxalic acid 
So. 4 — KsgHffA 
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Fig. 5 
Millet at time of 1st harvest 
Treatment Materials combined with Phosphorus 
No. 1 - Ammonium sulfate 
No. 2 - Ammonium oxalate 
No. 3 - Oxalic acid 
No. 4 - NagEI/PA 
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Experiment II. The effect of nitrogen and. oxalate anion on the growth 
0 
and distribution of corn roots. . 
Materials and Methods 
A greenhouse experiment was conducted to measure the effect of 
ammonium ion and oxalate anion on the growth and distribution of com 
roots. Ammonium sulfate was applied in bands 4 inches below the seed, 
(1) with no phosphate added, (2) separated from the phosphate, (3) 
combined with the phosphate, and (4) separated from a combined treat¬ 
ment of phosphate plus oxalic acid. KC1 at the rate of 100 lbs. 
per acre in each box and the rates of ammonium sulfate, oxalic acid 
and phosphorus were equal to those in the previous experiment. Wooden 
boxes, 2 ft. x 2 ft. x 3 in., containing a plate glass wall which 
could be uncovered for observation purposes, were filled with 60 lbs. 
of dry Merrimac sandy loain. The boxes were set at a 30° angle so 
that the roots might grow against the glass and a periodical check 
made of their development. Two com kernels (Pa 54 x NT 3-156) were 
planted per box on August 22, 1955. The roots were washed free of 
soil on September 30, 1955. 
Results 
The results of this experiment can be seen in figures 6, 7, 8, 
and 9. When N was applied in the absence of applied P, figure 6, an 
extensive root system developed throughout the half of the box 
containing the N, with many fibrous roots present. Figure 7 shows the 
root development when both N and P were applied but in separate halves 
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Fig. 6 
Nitrogen 
Root system of corn - Nitrogen, no phosphorus 
Fig. 7 
Nitrogen phoephorun 
Root syBtem of corn - Nitrogen applied Beperated from 
the phosphorus 
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Fig. 8 
Nitrogen-Pho sphorus 
Root system of corn — Nitrogen combined with P 
ng. 9 
Nitrogen Phosphorus-Oxalic acid 
Root system of corn — Nitrogen applied separated from 
combined application of P and Oxalic acid 
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of the box. The root system in the IT half of the box was very 
extensive throughout the total area. In the half containing the P, 
the root system was concentrated in the area of application and above 
this area. The roots did not penetrate to the greater depth. When 
the N and P were applied combined in one-half of the box, figure 8, 
the root development was extensive throughout this half of the box but 
there was also a large concentration of fine roots in the immediate area 
of the applied band of fertilizer. The application of IT in one-half and 
P combined with oxalic acid in the other half of the box, figure 9, 
resulted in an extensive root system throughout the box. There was how¬ 
ever a distinct concentration of fine roots occurring in the area of 
the P-oxalic acid band. The application of phosphorus in every case 
whether applied separated from or combined with either oxalic acid or 
N, resulted in a concentration of roots in the area of this applied P 
band. This concentration of root was not found in the area of N 
application when the IT was applied separated from the other materials. 
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Experiment III. The effect of levels of nitrogen and placement on 
the uptake of fertilizer phosphorus with tomato 
plant s. 
Materials and Methods 
Although in experiment I the treatment materials were separated 
from the fertilizer phosphorus by placing them in different areas, the 
extensive root system developed would make it desirable to have a 
more complete separation of the applied treatments. Therefore a split 
root technique was selected which allowed these materials to he applied 
in separate containers. 
This experiment was conducted in the greenhouse with a randomized 
block design with four replications. The soil used was the same as in 
the previous experiments but tomato plants were selected because of the 
ease of splitting the root system at an early stage of growth. Red Jet 
hybrid plants were taken at the seedling stage (3 in. high). The root 
system and lower portion of the stem were split. Each half-root system 
was placed in a 2 in. paper pot containing untreated soil. On February 
22, 1956, one week after dividing the tomato root systems, an exami¬ 
nation of the roots indicated extensive growth and elongation in each 
of the pots. The divided plants were transplanted into adjacent cans 
containing 7 l/2 lbs. of soil in which the treatment materials had 
been previously mixed. The 3 levels of nitrogen were soil level and 
20 and 40 lbs. per acre of N as (NH^gSO*. K2O (150 lbs./acre) was 
added to each can. Additional applications of IT as NH4NO3 in 
solution were applied to the previously treated N cans on March 13, March 
20, and March 27, 1956, at the same rates. The plants were harvested 
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on April 4, 1956. The roots were washed free of soil to determine 
the extent of growth. 
Results 
The results of this experiment are presented in Table 3. The 
tomato plants showed a large growth response to applied phosphate hut 
none to application of nitrogen* Increasing ¥ levels in the presence 
and absence of fertilizer P resulted in no increase in dry matter 
produced. The uptake of fertilizer P was not significantly influenced 
by the N application rate or by the N placement. The percent N in the 
plants was significantly increased by the application of 80 lbs. of N, 
however, no additional increase resulted when the application of N was 
increased to 160 lbs. of N, The percent N in the tomato plant, when 
the N was combined with P, was significantly greater than when the 
N and P were applied to separate containers. 
The percent P in the tomato plant from the fertilizer phosphate 
was found to be about 90 percent irrespective of treatment or placement. 
This agrees with the results reported by Jones and Warren (13) in which 
they found that fertilizer P was utilized to a greater extent than 
soil P by tomato plants in the early stages of growth. 
Figures 10 and 11 show the response of tomato to levels of nitrogen 
fertilization in the absence of applied phosphate. There was no response 
of the top growth to either 80 or 160 lbs. of N but the root growth was 
observed to be larger with increasing rates of nitrogen. Figures 12 and 
13 show the response to levels of nitrogen applied separately from the 
applied phosphate. The top growth shows a pronounced response to 
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Tahle 3 
Yield, Nitrogen and Phosphorus content of Tomato Plants 
Ave. of 4 replications 
Dry wt. Total P P in plant "A" N in 
Treatment per pot 
gms. 
in plant 
mg. 
from 
mg. 
fert. 
$ 
value 
lbs. P306/ 
acre 
plant 
* 
1 0-0 0.478 0.57 
2 
a 
0-LT~ 0.358 0.40 
3 
„ h 
0LHT 0.453 0.56 
4 0-P^ 4.012 8.77 7.83 89.28 12 2.74 
5 LN-P 3.411 7.66 7.22 94.25 6 3.25 
6 HN-P 3.724 8.06 6.90 85.60 17 3.26 
7 0-IMP 4.061 8.70 7.55 86.78 15 3.79 
8 0-HNP 4.346 9.23 8.38 90.79 10 4.02 
L. S.D. (0.05) 1.11 1.84 ns ns ns 0.44 
a 
80 lhs. N per acre 
h 
160 lhs. N per acre 
£ 
100 lhs. PsOg per acre 
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Fig. 10 Response of tomato to levels of N with no applied P. 
Fig. 11 Root response to levels of N with no applied P. 
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Fig* 12 Response of tomato to levels of N applied 
separately from the applied P. 
Fig. 13 Root response to levels of N applied 
separately from the applied P. 
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phosphorus hut no response to N. The roots showed a greater response 
to P applied without N than they did to N applied without P. When N 
and P were applied separately, there was a root growth response to the 
N levels. Figure 14 indicates that when the N was applied combined 
with the applied P, the top growth was similar to that resulting from 
separated applications. The roots (figure 15) show a greater response 
/ 
to the increasing levels of N when the two materials were combined. 
This root response is construed to be due to the N rather than the P 
because the fertilizer P uptake was not affected by placement. 
Figures 16 and 17 indicate that there was little or no response of top 
growth to either placement or level of N application when P was applied. 
The roots however indicate a response to placement as well as level of 
N. 
The cpm of the washed tomato roots are shown in table 4. The 
cpm from the roots growing in the soil treated with P32 varied from 540 
to 950. The cpm are qualitative (dissimilar geometry between samples), 
and comparisons between roots grown on P32 treatments should not be 
made. The roots growing in the soil on which no P32 was applied were 
checked and counted at the rate of 130 to 290 cpm. These cpm averaged 
only one-third as much as those from the roots that grew in the P32 
treated soil. The roots from cans containing no applied P indicated 
that there was P32 present in these roots. Therefore the P32 had been 
translocated through the plant from the roots growing in soil containing 
P32 to the roots in the soil that had no applied P32. The translocation 
of P obviously accounts for the increased root growth in these cans 
that had no tagged P application. 
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Fig. 14 Response of tomato to levels of N combined 
with applied P* 
Fig. 15 Root response to levels of N combined with 
applied P. 
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Fig. 16 Response of tomato to N levels and placement 
with applied P. 
Fig. 17 Root response to N levels and placement with 
applied P. 
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Table 4 
Cpm of washed tomato roots, April 12, 1956— 
cpm 
0 4 p LH- 5 P HN- 
6 
P 
7 
0 PIN 
8 
0 PHN 
280 670 260 825 290 580 130 540 200 950 
TGC 5 dipping tube 1 inch from dry root material 
b 
80 lbs. N per acre 
£ 
160 lbs. N per acre 
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Preliminary Sterilization Studies 
To determine the effect of microorganism on the uptake of 
fertilizer phosphate with varying placements of nitrogen, it was 
necessary to develop a technique hy which plants could he grown under 
sterile conditions. 
A method for sterilization of soil other than the use of steam 
was desired for these investigations. The use of stable chlorine dioxide 
in solution was investigated and found to have no apparent effect on the 
plate count. The ability of chlorine dioxide to prevent reinoculation 
and to delay the growth of microorganisms in sterile soil was determined 
by treating steam sterilized soil with solution of chlorine dioxide. 
The plate count increased rapidly and it was concluded that this 
material was of no apparent value. 
Ethylene oxide is an excellent medium for sterilizing a few grams 
of soil (1, 2, 5). The ability of ethylene oxide to sterilize several 
pounds of soil was not known. For this experiment, it was desired to 
sterilize 8 lbs. of air dry soil in a two gallon porcelain pot. The 
pot containing the Merrimac sandy loam was covered with cotton and 
placed in a desiccator fitted with a glass valve at the top. The 
soil was evacuated in the desiccator for one hour. Liquid ethylene 
oxide was introduced into the dessicator to provide one atmosphere of 
ethylene oxide gas. The pot was allowed to remain in the desiccator in 
the ethylene oxide atmosphere for 3 days at which time the gas was 
evacuated from the desiccator for one hour. Air was allowed to enter 
very slowly while being filtered through concentrated sulfuric acid. 
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The soil was moistened and maintained moist with sterile water and 
plate counts were made at weekly intervals for 7 weeks using tryptone 
glucose extract agar. The soil was found to he sterile throughout 
this period. 
In July, 1955, four pots were prepared as shown in figure 18 
and sterilized with ethylene oxide as previously described. After 
the pots were removed from the desiccator, 3 surface sterilized corn 
seeds were planted per pot and the soil moisture made to 20-25 percent 
by weight with sterile water. The germination of the corn was very 
poor. The plants from the germinated seeds withered and died within 
a few days of emergence. Plate cultures of the soil indicated large 
numbers of soil microorganisms to be present. 
The failure of this experiment was probably due to the high 
temperature within the protective glass beaker covering the plants, 
and the poor germination of the com seeds. Inadequate soil moisture in 
the vicinity of the seeds was probably due to the bottom watering. In 
experiment IV an attempt was made to overcome the difficulties encountered 
in these preliminary tests. 
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Bealcer 
Water tub# 
Cotton 
- Fertilizer 
Soil 
Croe■-section of pot ready for 
sterilization 
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Experiment IV. The effect of nitrogen placement on fertilizer phosphorus 
uptake in sterilized soil with corn plants. 
Materials and Methods 
Phosphated resin (100 lbs. PgO& per acre) was applied at a depth 
of 2 inches in bauds either separated from or combined with TOTT^n3 at 
the rate of 150 lbs. N per acre. EC1 (100 lbs K^O per acre) was mixed 
throughout the soil. A glass cylinder 2 inches in diameter was placed 
upright on the soil surface. Hardware cloth was fitted around the 
cylinder and over the top of the crook. The hardware cloth was 
covered with cotton and secured to the sides of the pot (figure 19). 
The pot and soil with the protesting covering were placed in a 
desiccator and sterilized with ethylene oxide in the manner previously 
described. Com seeds (Ps-54 x NY 3-156) were surface sterilized by 
washing momentarily in 95$ ethyl alcohol, 10 mins, in HgClg solution 
(1-1000) and thorough washing in sterile water. On March 15, 1956, 
two com seeds were planted in each pot through the glass cylinder 
using sterile technique. The pots were watered with sterile water by 
means of a rubber tube running through the cotton to the soil surface. 
The soil was maintained at 20-25$ moisture. Germination was excellent. 
The covering beaker was removed on March 25, 1956, and sterile cotton 
was placed within the glass cylinder and around the corn plants to 
cover the exposed soil surface. The growth of the com plants was 
normal for 8 days. Progressive necrosis starting at the leaf tip 
occurred within the next 3-4 days and the plants were harvested on 
March 30, 1956. 
-43- 
/ 
Fig. 19 
Pot with plant growing in sterilized soil. 
Watering tube shown wrapped in aluminum foil. 
* 
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Results 
On the basis of previous experience, the soil was assumed to he 
sterile at the start of the experiment. Plate counts of the soil from 
each pot were made at the time of harvest. The soil contained approxi¬ 
mately the same number of organisms as the unsterilized soil. It is 
not known when the soil became contaminated. The seeds may not have 
been sterile or the contamination may have occurred during the planting 
procedure or the watering technique. The roots in the pots were 
examined and found to be extensive throughout a good portion of the pot. 
The results of this experiment are presented in table 5. Since 
the growth period was so short, complete utilization of the phosphorus 
in the seeds was assumed. Two com seeds were found to contain 1.780 mg. 
of P. Assuming a root to top ratio of 1:1, 0.890 mg. P in the harvested 
plant material was considered to have been derived from the seeds. The 
uptake of fertilizer phosphate when the N and P were combined was twice 
that resulting from the separated application of N and P. The amount 
of P in the plant from the soil was approximately the same with both 
treatments. The percent P derived from the fertilizer was very low. 
This is due possibly to the short growth period. 
The influence of the seed P and of the short growth period are 
considered to seriously restrict any conclusions from this experiment. 
Additional investigations should be conducted to perfect the technique 
of growing plants in sterile soil in order to evaluate the effect of 
microorganisms and nitrogen on the uptake of fertilizer phosphate. 
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Discussion 
A plant having two sources of a nutrient will absorb its 
nutrients from each of these sources in direct proportion to the amounts 
available. Many investigators (8, 11, 18, 19, 22) have found that 
nitrogen, when combined with applied phosphate, results in a greater 
uptake of the fertilizer phosphorus. This means that the phosphate, 
applied with nitrogen, has become more available to the plant due to 
this concurrently applied nitrogen. As previously stated, some of the 
proposed explanations for this increased uptake of fertilizer phosphate 
are as follows: (1) the hydrogen ion effect of the nitrogen bearing 
compound on the solubility of the phosphate materials; (2) effect on 
root distribution which would enable the roots to utilize more of the 
applied phosphate; (3) increased diffusion of the phosphate; and (4) 
stimulation of microorganism growth that would increase the supply of 
organic compounds which are able to render the phosphate more 
available. 
The results of experiment I would indicate that the hydrogen ion 
effect of the nitrogen bearing compounds was not responsible for the 
increased uptake of fertilizer phosphate. If the hydrogen ion effect 
was responsible, then the oxalic acid would be expected to result in 
an increased uptake of fertilizer phosphate when applied with the 
phosphate. This was not the case with either corn or millet. 
There was a trend for the combined applications of 1SDTA and P to 
increase the uptake of fertilizer phosphorus by corn and millet. 
Na2EDTA contains two substituted amino groups. In this experiment the 
Na2EDTA application supplied only 13 lbs. of N which was insignificant 
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when compared to the total applied. 
Both EETA and oxalic acid were expected to increase the uptake of 
fertilizer phosphate because of their ability to act as chelators to 
tie up aluminum and iron thereby permitting less of the applied phos¬ 
phate to become fixed as aluminum and iron phosphates. Combined 
applications of EDTA and P showed a trend for this increased uptake 
whereas oxalic acid did not. This may be explained in part by the 
fact that EDTA is a much better chelating agent than oxalic acid. 
The results of experiment II would indicate that the root 
distribution resulting from the combined application of H and P may 
play an important role in the increased fertilizer phosphate uptake by 
the plant. Figure 7 shows that when the phosphate was applied 
separated from the nitrogen, a smaller proportion of the roots occurred 
in the soil volume receiving the phosphate. When the phosphate was 
combined with the nitrogen (figure 8), a much larger proportion of the 
root system was located in this treatment area. In view of this 
observation, the probability of the plant utilizing the fertilizer phos¬ 
phate to a greater extent was increased when the nitrogen and phosphate 
were combined. Figure 7 indicates that the root extension and the 
associated feeding roots were greater in the N half of the box when the 
nitrogen was separated from the phosphorus. When the N and P were 
combined, the root extension was nearly equal in both halves of the 
box but the associated feeding roots were greatly reduced. The combined 
application of N and P resulted in a volume of soil in which the 
nutrients (N and P) were more ava-ilable to the plant. For this reason, 
there was less need for a more extensive root system with increased 
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feeding capacity. Therefore, the plant fed on the soil phosphorus 
to a lesser extent. It is concluded that the distribution of the 
roots rather than the root growth and stimulation resulting from the 
combined application has more effect on the increase uptake of 
fertilizer phosphate. These results establish that, for best 
utilization of applied phosphorus by com, the combined application of 
N and P should be placed on either side of the seed rather than the N 
on one side and the P on the other. 
No experiments were conducted to determine the effect of nitrogen 
on the diffusion of fertilizer phosphorus. The results of other 
investigators indicate that the diffusion of this phosphate was 
increased by the combined application of nitrogen. If this diffusion is 
increased and the distribution of the roots is effected by concurrent 
applications of N and P then the plant should be better able to utilize 
the fertilizer phosphate. 
Definite conclusions cannot be drawn, regarding the effect of 
microorganisms, from the results of experiment IY. The results 
indicate an increased uptake of fertilizer phosphorus when the N and 
P were applied combined. Because of the previously stated limitations 
of these results, further investigations must be conducted before the 
effect of the microorganisms can be evaluated. 
Unlike the results with millet and corn, the combined application 
of N and P did not increase the uptake of fertilizer P by tomato 
plants. In view of these results (experiment III) it may be concluded 
that the plant itself plays an important role in this system. The 
results obtained with the use of other plant species should be 
investigated to determine the role of the plant. The low phosphorus 
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uptake "by the tomato plants when no phosphate was applied indicates 
that these plants are not able to feed on the soil P during the 
early stages of growth. Thus the need for fertilizer phosphorus is 
emphasized. 
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Summary 
1. With corn and millet, nitrogen, applied as either ammonium sulfate 
or ammonium oxalate, resulted in an increased uptake of fertilizer 
phosphorus when the N and P were combined, 
2. There was a trend for UagSETA, with similar placement, to increase 
the fertilizer phosphorus uptake by com and millet, 
3. With com and millet, oxalic acid had no apparent effect on the 
fertilizer phosphorus uptake when applied either combined with or 
separated from the P. 
4. The uptake of fertilizer phosphorus by tomato plants was not 
significantly influenced by the N application rate or by the IT 
placement. 
5. The combined application of N and P resulted in a greater uptake 
of N then when the materials were applied in separate treatments 
with tomate pleats, 
6# With corn, the combined application of N and P resulted in a root 
distribution that had greater ability to feed on the fertilizer 
phosphate. 
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